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precipitation. The gra hs (fig. 8) show a fairly close heavy downpours lasting a few minutes are interspersed 

the graphs for all Weather Bureau stations and for the the altitude and location. In the upper va.lleys, with 
high-level stations maintained by the United States Cfeo- few ewe tions, showers are daily occurrences, even in 

Sawaiian precipitation is also of the “showery” class, are rare. On the kg!i peaks, like Mount Waideale and 
and heav rains rarely last more than a few hours. The Puu Kukui, the mornings are usually clear and the after- 
applicabilty of the general rule-that even in wet periods noons and nights wry w e t .  

relation between rainfa P 1 a t  Seattle and Honolulu, but with short periocls of sunshine-varies considerably with 

lo ical Survey in Hawaii show no such relation. c1r.y weat P ier, thouoh on estreme leeward points showers 

ADDITIONAL METEOROLOGICAL DATA NEEDED BY ENGINEERS. 
[Points on which more data or further study would I* hclpful, including rainfall distribulinn and intensity, precipitation and heavy floods, cvapnration, vcgctation, soil inflltration, 

tcmperaturc, run-ntI.1 

Ry ROBERT E. HORTON, Consulting Hydraulic Engineer, illbany, N.  Y. 
[Reprinted from Engineering N m s  Rceord, Mar. 27,1919, pp. 1314-616.] 

Every esperienced hydraulic enaiiieer feels the need of 
additional meteorological datn. h u t  of all, there are 
far too few rainfall stations, and where the stations are 
reasonably close together group records should be studied 
to gain light for use where the stations are far apart. 
Periodic distribution of precipitation, rainfall intensities, 
flood flows, evaporation, the influence of wgetation, soil 
percolation, tem eratures of the air and of the surfaces 

phases of run-off-all need attention. A brief review of 
the more im >ortant meteorological needs, grouped under 
10 heads, fo 1 lows: 

1. 2clore stntiom.-A much larger number of rainfall 
stations is neecled throughout the country generally. In 
the East there is generally one station in ettch county, an 
average of about one station to every 1,500 square miles. 
In England, Denmark, Sasony, Jamaica, Biirbados, St. 
Kitts, Victoria, and Mauritius there is an average of 
about one station to erery 40 square miles. That, is sul- 
ficient to provide good data for almost any small drainage 
basin, such as is commonly required for gravitv water- 
supply systems. In New England the number 01 rainfall 
records available is about twice as great as elsewhere in 
the United States, owing to the fact that many good 
records are maintained in conjunction with water-works 
s.ptems. But. even in New England the nuniber of stn- 
tions is by no means adequstc? for satisfactory determi- 

used for gravity water supply. 
2. S eciaZ group stu&es.-In view of the sparsity of 

rainfal f records, special groups of stations are needed, 
and studies based on esistiiig data to determine the relia- 
bility, both of the long-term mean for any one station 
and the actual annual and monthly amounts indicated 

5, 10, or 16 miles ftom the station. Data are available 
at  Providence, Worcester, Pawtucket, St. Louis, and characteristics. There is room for much valuable work ’ 

New Orleans, where raingages are maintained sufficient 
in number to determine the general accuracy of a single 
record RS applied to lar er or smaller surrounding areas 
in those particular locafties. Undoubtedly, with more 
data general relations could be established which would 

also increase the degree of confidence which could be 
placed in such records where it becomes necessai’y to 
apply a sin le stntion to a considerable area. 

3. Periofic distribution of IIuin~ul~.-E?ri>erieiice shows 
that with identically the same rainfall distributed in 
different ways throughout the year, especially during the 

In applymg rainfall data, in critical cases, it is, therefore, 
necessar to take into account its distribution us well as 

total number of rainfall dnys per month at each station 
should be published, with the m o u n t  of rahfall. For 

esample: A rainfall of 4 inches in August may all occur 
in four days, with heavy thunderstorms, or it may be 
distributed throughout 10 or 20 days. In the latter 
case, the opportunity for water loss by evaporation 
would be enormously increased by the longcontinued 
wetting of the ound surface, and the available supply 
for run-off mod i  T be steadier, but much smaller in amount 
than in the ctwe of concentratetl rainfall. I believe that 

effect of rainfall distribution can be ta -en into account 
in estimating stream yield, if the nuniber of rainfall days 
is known. 

4. Z,rkir8.i.~,~as.-.4s regards rain intensity, there are at 
present shout 300 statioiis in the Unitaed States with re- 
cording raingnges. The details of these records, some 
of them ruiiiiing hack to 1S96, are published in the 
MONTHLY WE ~ T H E R  REVIEW mid in the annual reports 
of the C!hief of the United States Weather Bureau. No 
complete, eshaustire nnalyses of all -these records have 
ever been made. Partial analyses, covering the records 
within considerable areas, or for a considerable number 
of stations, have recently been made by Meyer and pub- 
lished in his “Elements of Hydrology,” and by the 
United States Housing Corporation, the results not yet 
liming been published. So fnr us the results go, they 
iiidicabe that rain intensity formulas of the same type, 
but with varying cocfFicients, can be ap died to localities 

Practice hitherto in using ruin-intensity data in storm- 
sewer designing has been in general to, work out a rain- 
intensity curve for each dift’ereii t place or problem. 
Tlsually, the data of the most intense and most critical 
storniu arc meager, and the results of such scattered 
individual studies are un uestioiiably less reliable than 

involving. a larpe number of stlitions of similar rainfall 

in standurclizins and tiiiulyziii(~ rain-intensity data along 
more general lines. Not oify this, but all attempts 
hitherto to utilize such data have been wholly empirical. 
There is reason to believe that at least a semi-ratioiial 
formula of general a >plication can be developed for rain 

5. Great storms and ,Roods.-In connection with the 
broader problems of flood causation and flood discharge, 
studies of rain intensity in great storms covering periods 
of one to five days are needed. A valuable start was 
made in this direction by the Mianii Conservancy Dis- 
trict, the results beiii given in its series of technical 

much more nunierous records on which to base the re- 
sults, lins been done by the British R.ainfal1 Organizatioii. 

is the determination of the relative frequency of occur- 
reiice of floods of different mugnitudes, as fising the 

k of both soil an 1 - water, and, finally, the broad general practical methods can be readily develo led by which the 

nation of the rainfall on many small drainage bmins haririg widely different amounts of rain 1 all. 

by single gages when applied over a varying racliur of 1, would be those obtained B y thorough, general analyses 
‘ 

greatly increase the utility of rainfall records, and would iiiteiisitiea of short c / urations. 

summer,.quite different amounts of run-off may result. reports, part 5. Goo $ work along similar lines, with 

its tota 9 amount. It is desirable, therefore, that the One of the most fundamental problems of flood control 
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maximum size and cost of works economic.al1.v j uetifiecl 
for flood control. Further dttta aiid anal.vses along these 
lities are much needed, a d  would be likely to afford 
results of broad utility and permanent value. 

It may be iiotecl in passiii that so far as the studies 
by the Miami Coiiservanc~~istr ic t  go, they seem to 
indicate that the lnw cov cring the relative mngnitudee of 
stornia of one to five (lays' rlurabion, mid having different 
intensities and frequencies of occurrence, is very similar 
in form to the general law covering the relations between 
frequency, intensity, and duration of short storms, such 
as are invol rec! in storm-sewer designing-with, how- 
ever, probrtblv, the important difference that temporary 
stornge of considerable volumes of rain by suspension in 
the uppei air, in ascendiiig air c.urrents, is the import.ant 
factor contributing ta high intensities for rainfall dura- 
tion of less than, say, one hour, hut is lint of importance 
in relation to storms of one or more dfiys' duration. 

Incidentally, there is a gap between esisting results of 
studies covering, on the one hmd, rain intensities used 
in storm-sewer designing and of generally less than one 
hour's duration, and flood intensities of oiie or more days' 
duration. This seems to open U ~ I  a profitable field for 
investiaation-a field which would be wry likely to lend 
to resuhs useful in h0t.h classes of studins. Furthermore, 
in many flood problems sild in numerou3 litigations in- 
volving rttiiifall, the only data ni*aildde ixre daily rniiifnll 
records. Data aiicl studies showing the relittiun between 
24 hours' rain and the averitve dur'ition and intensity 
for the actun.1 port.ioii of the 3tty cliiring which rniii fell 
are mucli needed. 

6. Eiapnr~,~i.o,i..-~~ith regard to  eva ,oration, very 

and other Government organizations. It, appears, how- 
ever, that records ob tainecl from the ortliiiary evaporn- 
tion pan, say 3 feet square, n.re not directly applicable 
to broad water surfaces. There is need for esperi- 
mental deterniination of what may he cnllecl the area 
factor or average ratio of evaporation loss from a 
standard pan of a certain size to the evaporation loss 
from an area of niiy given size larger or smaller. A 

this line has been made in the work of 
Prof. tnrt F. I . Bigelow, R. B. Sleight, aiid others. 

The writer, in Engineering News-Record of April 26, 
1917, page 196, hzts called attention to the physical 
factois uiiderlyiiig and con trolling this so-called area 
factor. The area fac tor involves, however, certain 
climatic conditions, especially convec tive action, chta 
for which are not iuc1uclc.d in meterological reports. 
In  view of the coni lesity of thr subject, further studies, 

pans of various sizes, are greatly needed. 
In  this c.onnec.tion, too, atteiition may be called to 

the need of further data and studies on the relation of 
altit.ude to evaporation. There is a ,revaiIii?g populixr 

idea is uucloub tedly derived from the well-known ftw t 
thnt u-nt.er boils more readily a t  high than a t  low alti- 
tudes. This, however, is only one of tlie elements 
involved. Mean temperature u t  the surfitce decre:i.ses 
on the averap about 1" for 300 feet elevation. The 
absolute humidity also decreases with elevation, in 
accordaiice with the cspoiientinl law clevelopod by €Iaixii. 
Wind veloci t-y generally teiids to increase with iiicrensed 
elevation. The aniouiit of evaporatioii froiii water sur- 
faces is mainly coiltrolled l y  temperature, Iiumidity, aiid 
wind velocity, and is affected probably to a minor es- 
tent by other factors, iiicluding so-called radiutioii or 
black-bulb thermometer temperatures, facility for coil- 

good records are now being kept by tlie d eather Burenu 

especially out-of-c P oor experiments with evaporation 

notion that evaporation increases wit I i elevation. This 

vection, and barometric pressure. Some of the factors 
teiid to cause an increase and others tend to cause 
a decreese in the amount of evaporation with in- 
creasing altitudes. The natural result would be the 
occiirreiice of some mticulitr elevatioii for which evap- 
oration losses woulc \ he [at a] masimum. While this 
fact never seems to have been pointed out before, 
it  is confirmed hp  t,he few good observations availa le, 
especially those of Charles H. Lee. The whole subject 
of relation of evaporation loss to elevation is worthy 
of further invea tigatioii and more rational disqxa' - 1011. 

7. T'cp~fati.o)t.-Tlle subject of interception of rainfall 
by vcgcta.ti.ou will he seen to he one of p e n t  importance, 
when i t  is considered that oftentiniw, especially in 
light showcis, 50 per cent or more of the rain is caught 
upon aiid directly evaporitted from trees or other ve eta- 

es eriniented upon in Europe, and to a limited extent 
in Enited States by the writer, and, I believe, also by the 
United States Weather Bureau. Further investigation 
and discussion would aid in la ing a foundation for more 

tions of water requirements for irri ation purposes. 

rect surface run-off from heavy rains or melting snows. 
The direct evaporation loss clurin flood rains is usually 
oiily a ver small proportion o f  the available supply 
of water. $he difference in flood-discharging capacities 
of different drainage areas is, without doubt, more 
largely due to differences in the amount of water which 
ran percolate into the soil during heavy rains than to 
any other one factor escepting rainfall itself. 

hrtherniore, infiltration of rainfall is the source of 
wells, and artesian 

rt 

tioii ancl never reaches the ground. This subject has % een 

rntional estiniates of stream H ow and better determina- 

8. ~~7LJiltrcc.t.i.oti.-Floods are main 9 y the results of di- 

ferent soils, on different slopes, and with different rates 
of rainfall. Numerous forniulas for estimating maxi- 
niuni flood tlischarges have been evolved, hut i t  does 
not seein possible to arrive a t  either a rational under- 
standing of the causation of floods or the most reliable 
methoJ of CS tinin ting prol)~ble niasimuni flood discharge 
without taliii!g into account tlie smount of infiltration 
occurri iig tlurnlg rains. 

9. T~~mptwittcrr. -The most important factor affecting 
evaporation losses of all kinds is tenipcrature. It is 
also a11 ini ,orta.nt factor in relation to floods as affecting 

teniperitture are generally available, but what is needed 
in relntioii to eGa.porat1on is the temperature of the 
soil and of wa.ter surfaces. Data on these subjects 
nre meager. The obtaining aiid publishing of addi- 
tional data of soil-surfwe aiid water-surface tem- 
peratures, and especidy the correlation of such tem- 
matures with air temperature, are matteis which will 

L o m e  of iiicreasiii~ importance and value as the de- 
relopmen t aid  use o? iiiorc ra.tiona1 methods of handling 
hyclrologic prohlenis pro= wess. 

10. h'un.-o#.-'l'he ruu-off or yield of a drainage basin 
is the difference between the prcci )itation on the drain- 
tige basin aiitI tlie water losses cue 1 to evaporation of 
various kinds. The amount of evaporation from the 
soil surface is tlepenclent upon tlie same far toiv which 
control svuporatioii from water surface and, in addi- 
tion, i t  is depcntlcnt on tlie degree of saturation of the 
soil surface. Some e-speriniental data in relation to the 
evaporation loss from soil surface with different degrees 

the rntc o 1 nielthg of ac.cumulnted snow. Data for air 

. 
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of saturation have been obtained by Samuel Fortier 
(see Engineering Record of April 15, 1005, p. 4301. 

Additional eslierinien ttd data along this line ~voulcl 
be of the utmost practical slid economic value. not 
only in relation to the ordiiiary problems of hpclrolngy 
in estima.tina stream flow, but also in relation to irriptt- 
tion, laqd %ra.inage, and agricultural eiigiiieeriiig in 
general. Tlie writer has clesigiiated tlie ratio of the 
actual evaporation ra.te from a soil surfnce a.t any given 
time and with any degree of saturation to the empora- 
tion rate from water or R saturated soil surface 21s t,he 
" evaporation opportunity."' 

It so ha.ppens that in long peiiods of drought. wlicn 
the evaporation rate from a saturilted surface is 
highest, the evoporation opportuiii tV from the soil sur- 
face decreases. It is a nzit.ura1 result of these opposing 
influences that there is some ptwticular amount and 
distribution of rainfall in any locality for wliich the 
total evaporatioii loss from the soil is 2% iiiitsinium. 

I *' Relative evaporstiai" or "Evaporativity" might he n more augqstirc dcbigmlim. 
&?E MONTHLY WEATHER REVIEW, Jan. 1919, 47:3l).-EPIT. 

Although this is 
that i t  has ever been pointed out. Strangely 

ortmt, the writer does not think 

enough, i t  follows as a simple rnathem:r tical deduction 
€rom n nuniller of esisting formulas for cnlculating 
rmi-off and, furthermore, it i* abuiirlaiitly coirfirnied by 
esperience, inttsinnch tis i t  will IJP found that if almost 
tiny long-term record of rainfall and s treani flow is 
nnnlyzed, unrl tlir result.: are h t t d  in terms of water 

will have a ninsiiiiiim for an auiiunl riiinfall which 
gencrally lies between 45 and 75 inches in England and the 
eits tern LJiii tell Y til tes . 

This c d s  attention to the fact that the older ideas 
and nietliods of espressing run-off as n percentage 
of rainfall tire essentially fallacious, and if eiigineers 
nrc to justify Jiublic coiificleiice with regard to their 
ability to 1redict safely the available yield of wuter- 

upon the use of iiie terolooic dn t n  now of ten ignored 
wir1 upon inore rational alia cletailecl methods of analyz- 
ing aiid utilizing such data. 

losses against precipitation, t I ie resulting water losses 

supplies, t t ieir work must, in the future, be founded 

ELEMENTS OF HYDROLOGY. 

By ADOLPH F. MEYER. C. E., Associzte Professor of Hydraulic Engineering, University of Minnesota. 

IJohn Wiley & Sons (Inc.), New Yo&, 191i, pp. .$Si,%; flgs.] 

This volume is a welconie addition to our knowledge of 
hydrology and its ractical applictttion. It, was prepared 

, and aims to set forth the fundamental data engineeril-f and consi eratioils rather thaii to  provide a test bovk. 
After defining hydrology aiicl it: applications the 

author presents in Chapter I1 a r6sum6 of the physical 
roperties of the atmosphere with a more or less coii- 

sensed account of the variations of the several meteoro- 
logical elements, closin with n brief reference to the 

the winds. Chapter 111 is devoted to a consideration 

for the use of pro P cssional men, t,eachers and stuclents of 

general circulation of t a e atmosphere ns manifested in 

of wat,er, its vnrious states and pro ert,ies. Chapter I V  

€acts concerning tlie occurrence of precipi t.at.ion and its 
geographic clist~il-,ution. The reiiiaiiiiiig chnpters deal 
1vit.h evaporat,ion, from land and wat,er surfaces trans- 
pirtt tioii, deep seopnge, run-off, stream-flow dnt,a, supple- 
niniit.nry stremi-flow data, aiid modification of stream flow 
by storage. 

The book is miusually rich in illustrative material, 
drawn lnrgely from Feclernl niid St,at.e reports, from pri- 
vate sources, as well as from the author's original inves- 
tigat.ions.-A. J. H. 

on precipit.st,ion is n 1-ery complete r l ,sum6 of the esseihal 

THE WEATHER AND DAILY STREAM FLOW FOR HYDRO-ELECTRIC PLANTS. 

By J. CECIL ALTER, Meteorologist. 

[Dated: Weather Bureau, Salt LAC City. Ut:~h, .4pr. 11. 1919.1 

SmoPsIs.-The important part played by daily weather forerests 
in the mblem of water regulation for hydroelectric plents in Utah 
is brouggt out in this paper. The mrit.er compares this w:di with tlie 
daily prediction of water stages on eastern rivem. As many r d  the 
hydro-electric plant reservoirs are located at least 36 hours' travel 
(meaeured b stream flow) from the plants t.liemselves, it. is ( - i f  great. 
importance Kat weat.her conditil,nsl part.icularly :le regercls precipita- 
tion, be accurately known 36 hnurs in advance. I f .  fnr esumple, rim 
is expected at the end CJf any given period of 36 hciura the reservilir 
outlet can be closed and the pret.iiius \rater snved until neetled. On 
the other hand, if n period of dry weather is expected tn set in at the 
end of 36 hours, the outlet at the reservoir must be opened su that tlie 
plant will have an abundance of water. These contlitirms apply 
equally well to irrigation COnt.nil.-H. L. 

Daily weather fdrecasts and general meteorological 
data have for some time entered rather largely into the 
problem of water regulation for the 27 hydro-electric 
plants of the Utah Power & Light (20.. in northern Utah, 
and southeastern Idaho, as managed by Maj. Coo Ier 
Anderson, superintendent of the power department,. "lie 
general problem bears some analogy to t,kio claily predic- 
tion of water stages on eastern rivers, but many addi- 
tional factors require seiio,us consideration. 

All but four of the pltints mentioned afe located on the 
smaller streams coming out of the Wasatch Mountains, 
the flow of which can he relied upon for running the 
plants to machine capacity only in the flood time; this 

is from about March to early June, inclusive, when moun- 
tain snow is melting niost rapidly, and when preci itation 

maiiy of these plants are subject to greatly decreased 
output for want of water. 

In  suninicr aii.cl nutunin the water supply from snow 
stores in the niouiitaiiis reaches a niininium, and this is 
iiormrtlly the period of lightest precipitation in this re- 
g+. A sustaiiiecl stream flow, ample for power produc- 
tion purposes, occurs in these moirths only when previous 
snowfall ant1 current precipitation tire abnormally heavy. 
In winter the tributaries are closed by icn with the first 
hnrcl freeze, the frost gradually sealing the larger feeders, 
niid finally the trunk strenni if the weather be very 
severe. 

It is essential that these scattering plants be operated 
as fully as possible, because of their neiwiiess and con- 
venience to purchasers of the power wocluced; aiid inas- 
murli a4 the conipany provides by I t u  the greater per- 
centage of d l  electricity used l)y the mining, smelting, 
inteiurlmn aiicl street milmay, sugar refining, city light- 
ing, and other companies in this district, which includes 
Salt Lake Clity, Ogden, aiid piwbal)ly a score of smaller 
towns, the demands for current are very esacting. 

is normally henviest. During the remainder of t f ie year 

' 


